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Abstract : Pneumatic valves are widely used parts that have the ability to control the air supplied to automation systems.
However, if failure occurs in a pneumatic valve, it may affect the entire system and could lead to huge losses, depending on the
characteristics of the system at the time of failure. Because of this significant risk and the level of consumer demand for reliability,
there has been much study on ensuring the reliability of products by predicting valve lifetime distributions and degradation
characteristics. In this paper, in order to determine the main factors useful for predicting the lifetime of a pneumatic valve, the
scale parameter and By life time value of the widely used plug-in—type pneumatic manifold valves were measured using
complete observational data on the valve lifetimes. And also the property of life distribution has been distribution-suitability-
reviewed by correlation coefficients, the degradation characteristics of valve has been presented by the result of analysis through
dynamic response time test and leakage test.
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Table 1 General test conditions

Parameter Value

Working pressure 630 kPa + 30 kPa

Filtration — nominal

filtration rating 5 pm

Air quality
Dryer — maximum

) +3C
pressure dewpoint
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A : Input port
B,C : Output port

(a) Circuit of the leakage measurement test

(b) Equipment of the leakage measurement test

Fig. 2 Leakage measurement test

—

A 23 2 A

Table 2,3 & 2% 7|¢k WyEE WE A=
10 7ll(Sample 1~ o

~10)°l
FANRT FH 9 A9 2uE Ued ol
5

Table 2 2] ¥4 A8 ZA3= vy &
A Fe 0.082mL/min, FEAIE F OF
P e 5615mL/min 22 1% AA T)E
10mL/min ©]3}& WA 9 2% 3159
et Al A WESAL ASS ¢
glom, Wipe) Ast54 WakE el I = 9

Fig 5ol = WHU 3o F2tg Qo] A
Z%Q b s JEbdAT = Al
WQWJHP7}“aﬂ°ﬁm11
M, 2% el sherh pdd] 9%E
ot 4~ 9t} I3 Kol -

A Ag Ao ur Mo o F Wy
ﬁﬂeﬂ i@kum;ya$%ggﬂ}
ﬂﬂA 774 WIge g A s
33Tt

ol

X _I\l oo ]o
—|—' HJIO

JX,OL o -{l‘l o Y9 O Ar

vo 57 R H5AEAd BE AT 1447

LLLL O] ® ®

(D Pressure control valve (® Pressure sensor

@) Air tank ® Test valve

(3 Pressure sensor (@ Pressure sensor

@ Temperature sensor

(a) Circuit of the dynamic response test

(b) Equipment of the dynamic response test

Fig. 3 Dynamic response test

(D Pressure control valve @ Pressure sensor

() Pressure sensor (® Load volume

@ Test valve ® Pressure sensor

(a) Circuit of life test

(b) The apparatus of life test
Fig. 4 Life test
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Table 2 Experimental result of leakage measurement

Section [Sample 1|{Sample 2|Sample 3|Sample 4|Sample 5

0 Cycle 0.07 | 0.14 | 0.05 0.11 0.09

g

O'ésyﬁelso 278 | 396 | 124 | 258 | 174
]

l'éy’c(l;f 452 | 704 | 375 | 554 | 647

Section |Sample 6{Sample 7|Sample 8|Sample 9{Sample 10

0 Cycle 0.05 0.09 0.15 0.04 0.03

8

0~7CSyZ§CIS° 102 | 468 | 048 | 268 | 347
g

1.3;;;0 578 | 7.53 | 406 | 599 | 547

(b) After life test
Fig. 5 Abrasion state of spool seal
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Table 3 Experimental result of dynamic responses

Section  |Sample 1{Sample 2|Sample 3|Sample 4|Sample 5
0 Cycle 10.1 9.7 10.8 9.8 10.3
8
OPX0 123 | 119 | 119 | 126 | 137
ycles
8
PXI 207 221 | 203 | 213 | 228
ycles
Section  |Sample 6|Sample 7|Sample 8|Sample 9|Sample 10
0 Cycle 9.9 11.2 10.4 9.8 10.7
8
OPX0 128 | 149 | 115 | 132 | 124
ycles
8
XN o1e | 254 | 229 | 274 281
ycles
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(b) Life cycles[ 1.5 X 10® Cycles]

Fig. 6 Experimental result of dynamic responses
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Table 4 The operation cycles number of failure in life

test
Cycle number
Sample 1 190,440,000
Sample 2 163,930,000
Test product 1|  Sample 3 135,580,000
Sample 4 170,130,000
Sample 5 187,710,000
Sample 1 185,880,000
Sample 2 124,260,000
Test product 2| Sample 3 163,060,000
Sample 4 164,920,000
Sample 5 200,350,000
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Probability Plot for Test Product 1
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Fig. 7 Overview of weibull distribution[ Test product 1]

Probability Plot for Test Product 2
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Fig. 8 Overview of weibull distribution[ Test product 2]
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Table 5 Estimation value of reliability
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Table 6 Estimation value of reliability

Estimated value

Estimated value

Shape parameter 6.18

Scale parameter 215,850,000 Cycles

MTTF 200,570,000 Cycles

By Life 149,950,000 Cycles

Probability - Weibull
99.009

90.004

50.00C

.. Unreliability, F(t)
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Fig. 9 Weibull probability paper analysis[Test product 1]
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Fig. 10 Weibull probability paper analysis[ Test product 2]

Shape parameter 5.849

Scale parameter 180,071,371 Cycles

MTTF 166,819,940 Cycles

B,, Life 122,564,991 Cycles

215,850,000 Cycles = F4 % A},
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Fig 1() = ]64EHA1— 2 uuu,/] _/,:td}\]zﬂ =
A 5 7 Azl 3k sfolE FEA =A A}
o stold FEe| mS
Table 6 % ol HHLS p = 538
+ 180,071,371 Cycles & 3 woiu‘r EEsP
W (MTTF)E 166,819,940 Cycles, By,

[¢]

122,564,991 Cycles = 2l & ATk

al
=
=
X

&

HHAEST B 584 ~6. 18, ——|—1—-1—T n+ 180,070,000 ~
215,850,000 Cycles BT~ 122,560,000 ~ 149,950,000
Cycles & F4HS ﬂo]*}oﬂ\:}
@) 23 271 HUES WHe 7
et FaATES /‘P% I3
sigon, sfol ¥} 718
shelalsit). ool sfolmy
A (Kolmogorov Smirnov 2
NH o] SRy A

Q) Assl o] shol

=]

RN

5
pil

0,

oM
o 1

ol
-
N, o

o - F

lo

I_J_

>
-{E oL Jﬂf
=2 2 B dm

R
b

ot o ot njo
i

o
oY to
N

H

oH
N
(o o2
=2
i
ﬂ
=

i
T
>

>
=

2o rlr 2 ord N ox
ofo

i
z

1

Hore oo o

b

A

A

)

A
oX,
o

(1) ISO 19973-2, 2007, "Pneumatic Fluid Power-
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